Supplemental assays, such as recombinant immunoblot assays (RIBA), are used to confirm detection of antibodies to hepatitis C virus (HCV). However, due to their expense, they are not widely used in developing countries. The purpose of our study was to compare the results of second-and third-generation (G2 and G3, respectively) enzyme immunoassays (EIAs) and to resolve discordant results by using a supplemental assay to assess the reliability of G2 and G3 EIAs to confirm anti-HCV antibody-positive results. We performed both G2 and G3 EIAs for anti-HCV antibodies on 1,134 serum samples collected during the 2nd year of a longitudinal community-based study in Egypt; 35 samples with discordant results were tested by Abbott Laboratories Micro-Particle Immunoassay (M-EIA) and RIBA. Viremia was determined with an in-house nested reverse transcriptase PCR (RT-PCR) to detect HCV RNA. Concordance between the two assays (G2/G3) was 96.9%; 87 (7.7%) samples were positive and 1,012 (89.2%) were negative by both assays. For 17 samples, the discordant results were G2 assay negative and G3 assay positive, and for 18 samples, the discordant results were G2 assay positive and G3 assay negative. Among the 17 G2 assay-negative and G3 assay-positive samples, 15 were M-EIA positive and 7 were PCR positive. Among the 18 G2 assay-positive and G3 assay-negative samples, 2 were M-EIA positive and none were PCR positive. RIBA results from 24 discordant samples showed 87.5% agreement with the G3 EIA, 12.5% agreement with the G2 EIA, and 95.8% agreement with M-EIA. Eleven samples were indeterminate by RIBA and excluded from this analysis. Based on RIBA results, the sensitivity of the G3 EIA was 99%, compared to 89.8% for the G2 EIA, while the specificity of the G3 EIA was 99.8%, compared to 98.9% for the G2 EIA. These results show that the reliability of the G3 EIA in screening these sera is excellent, and the G3 assay can be used in the absence of supplemental tests where resources are limited. RIBA appears not to have advantages over the less expensive M-EIA screening assay. The main disadvantage of RIBA is the occurrence of indeterminate results, especially among problematic samples. Samples giving discordant results in multiple assays are often indeterminate with the RIBA.
Exposure to hepatitis C virus (HCV) is determined by testing for anti-HCV antibodies, while active infection is marked by the presence of HCV RNA by using reverse transcriptase PCR (RT-PCR). The first enzyme immunoassay (EIA) for the detection of anti-HCV antibodies, developed 12 years ago by using a recombinant HCV C100-3 peptide (9), had relatively poor specificity and sensitivity (2, 4) . Seroconversion in patients with acute HCV infection is often not detected until 3 months or longer after infection (16) . The second-generation (G2) assay, introduced in 1991, incorporated recombinant antigens from nonstructural regions (NS3 and NS4) together with an antigen from the core region of HCV (2, 12) . The G2 EIA was superior to the G1 EIA in both sensitivity and specificity, and its use in blood banks has dramatically reduced the incidence of posttransfusion hepatitis (8) . The G3 EIA, which added an NS5 epitope, should increase the reliability of the test and increase detection of anti-HCV earlier in the course of infection (5, 6) .
Supplemental tests, based on either neutralization or recombinant immunoblot assays (RIBA), possess high specificity and are useful in identifying false-positive test results (15) , but are expensive. Because of their relatively low sensitivity, they are not recommended for screening for anti-HCV antibodies (7) . In developing countries, supplemental tests are often omitted because of their expense, and the reliability of the anti-HCV EIAs without supplemental tests becomes very important (13) . The objective of this study was to compare the sensitivity and specificity of G2 and G3 EIAs for detection of anti-HCV antibodies by using sera from Egyptian subjects, in whom genotype 4 accounts for 90% of infection (14) . In addition, the advantages of using RIBA as a supplemental test were assessed.
MATERIALS AND METHODS
We tested 1,134 serum samples collected during the 2nd year of a longitudinal community-based study in Assiut Governorate, Egypt (11), with both G2 and G3 EIAs from Abbott Laboratories (Wiesbaden, Delknheim, Germany) following the manufacturer's instructions and compared the tests' results. To further evaluate discordant G2/G3 assay results, we defined samples as truly positive or negative based on an algorithm representing the following elements ( Fig. 1) : (i) an in-house RT-PCR generated from the 5Ј-untranslated region of the HCV genome (1) performed with the same sample and additional samples from the same individual in the prior or subsequent years, (ii) G3 results from prior or subsequent years, and (iii) Micro-Particle Immunoassay (M-EIA; Abbott Laboratories) results for the discordant samples. The sensitivity and specificity of the G2 and G3 assays were initially calculated by assuming true serostatus according to the algorithm. To further support the assessment of sensitivity and specificity of the G2 and G3 assays, discordant samples were subsequently tested with the G3 RIBA (Chiron, Emeryville, Calif.). The sensitivity and specificity of the G2 and G3 assays were once again calculated on the basis of the RIBA, and the two methods of assessing sensitivity and specificity were compared. For all calculations of sensitivity and specificity, the samples with concordant G2/G3 assay results were included with the assumption that those results represented true positives and true negatives.
This study was reviewed and approved by the Institutional Review Board of the University of Maryland and the Egyptian Ministry of Health and Population.
RESULTS
Eighty-seven (7.7%) of the serum samples were positive by both the G2 and G3 EIAs, while 1,012 (89.2%) were negative by both tests, with a resultant concordance of 96.9% (Table 1) . Among the 35 discordant G2/G3 EIA results, there were 17 specimens G2 assay negative and G3 assay positive, while 18 specimens were G2 assay positive and G3 assay negative. Results of M-EIA testing of the 35 discordant samples were more frequently in agreement with the G3 EIA result (concordance of 88.6% [31 of 35]) than with the G2 EIA result (11.4% [4 of 35] ). Among the 18 samples with G2 assay-positive and G3 assay-negative results, 2 were M-EIA positive, while 15 of the 17 sera that were G3 assay positive and G2 assay negative were M-EIA positive ( Table 2 ). The results of HCV RNA testing of the discordant samples also showed better agreement with the G3 EIA results. All 18 samples that tested positive by the G2 EIA, but negative by the G3 EIA, were negative by RT-PCR. However, 7 (41.2%) of the 17 individuals with G3 assay-positive and G2 assay-negative results had detectable HCV RNA in the same sample or in a sample from the same individual taken a year earlier.
Among the 35 discordant samples, RIBA was positive in 11 samples, negative in 13, and indeterminate in 11 (Table 3) . G3 EIA results agreed with 87.5% (21 of 24) of interpretable RIBA results. Ten samples were positive by both RIBA and G3 EIA, and 11 were negative by both. Two samples were negative by RIBA, but positive by G3 EIA, while one sample was positive by RIBA and negative by G3 EIA. However, G2 EIA and RIBA results were concordant in only 3 of 24 (12.5%) samples. Excluding the 11 samples with indeterminate RIBA results, there was only one discordant result between RIBA and M-EIA (Table 4 ). This sample was positive by M-EIA and G3 EIA, but negative by RIBA. All samples with indeterminate RIBA results were PCR negative. Based on the algorithm (Fig. 1 ) used to define "true" positive and negative serostatus, the sensitivity of the G3 EIA was 98.1% (95% confidence interval [CI], 92.6 to 99.7), compared to 85.6% (95% CI, 77.0 to 91.5) for the G2 EIA, while the specificity of the G3 EIA was 99.8% (95% CI, 99.2 to 99.9), compared to 98.4% (95% CI, 97.4 to 99.0) for the G2 EIA. The assessment on the basis of the RIBA, excluding samples with indeterminate RIBA results, was similar: the sensitivity of the G3 EIA was 99.0% (95% CI, 93.7 to 99.9), compared to 89.8% (95% CI, 81.6 to 94.7) for the G2 EIA, while the specificity of the G3 EIA was 99.8% (95% CI, 99.2 to 99.9), compared to 98.9% (95% CI, 98.0 to 99.4) for the G2 EIA.
DISCUSSION
This investigation with sera from over 1,100 subjects collected during a cross-sectional serosurvey in Egypt shows that the sensitivity and specificity of the G3 EIA are outstanding, a finding consistent with a recent review of predominantly small studies (6) .
The G3 EIA clearly demonstrated sensitivity and specificity superior to those of the G2 EIA. For the subset of problematic, discordant samples, the M-EIA agreed with the G3 assay eight times as frequently as it did with the G2 assay.
The excellent agreement between the results of the G3 EIA and M-EIA is not surprising, since both include the NS5 epitope, which is not included in the G2 assay. Because of its lower sensitivity, surveillance data based on G2 EIA testing may result in a spuriously low prevalence of anti-HCV antibodies, especially in populations with relatively high prevalence of infection, in which false-positives are less of a concern.
The concordance between RIBA and M-EIA was almost complete for the samples with definitive RIBA results. RIBA results did not prove more helpful than M-EIA, because the calculations of G2 and G3 EIA reliability were not substantially changed when comparisons were made with RIBA results. Furthermore, one-third of the RIBA tests had indeterminate results, greatly limiting its usefulness for confirmation of EIA results, consistent with previous assessments (13) .
In developing countries, where resources are scarce, use of supplemental tests (e.g., RIBA) is generally not fiscally possible. In this context, G3 EIA results appear sufficiently reliable for detecting exposure to HCV without supplemental assays. The decision to use these supplemental tests for clinical situations in developed countries, where resources are more readily available, must be based on the individual situation. It has been suggested that supplemental tests be used only in populations with expected low prevalence, such as blood banks (3, 10) . RIBA appears to have no advantage over the less expensive M-EIA in supporting positive screening test results, and the crucial clinical information needed to determine who has chronic infection is provided by RT-PCR. 
